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157] ~ "ABSTRACT

A vitreous arc tube is provided Wlth constrlcted cylln- '
drical neck portions: intermediate the bulb portion
proper and the pinched seals. The constricted necks
may be formed as an incident in the blowing of the bulb
out of quartz tublng When the seal portions are pressed
by the pinching Jaws ‘about the foliated inleads, the
necks are maintained in substantially their original con-
figuration and merely shrunk slightly about the inleads
extending through them. An internal configuration is
achieved which is substantially a surface of revolution
and fin-effect 1s avoided.

8 Claims, 5 Drawing Figu'res
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1
ARC TUBE CONSTRUCTION

This invention relates to an arc tube construction and
especially to a pinched end configuration which 1s par-
ticularly advantageous in miniature sizes of lamps.

BACKGROUND OF THE INVENTION

High pressure metal vapor lamps generally comprise
an inner envelope or arc tube which is enclosed within
a vitreous outer envelope or jacket. In metal halide
lamps, the arc tube is of quartz or fused silica and con-

tains a quantity of mercury along with one or more
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metallic halides and an inert starting gas. In commercial

manufacture, the arc tubes have been commonly made
-~ utilizing so-called full pinch seals wherein the entire end
segments of a piece of quartz tubing are flattened and
sealed off. It is done by pressing the ends of the tube

while in a heat-softened condition between a pair of

opposed jaws to collapse the quartz about a fohated
inlead supporting an electrode on its inner end. This
results in a fin-like configuration resembling somewhat
a fish’s tail at each end of the arc tube.

When a metal halide lamp has reached a stable oper-
ating temperature, the mercury in the fill is substantially
all vaporized but an excess of metal halide remains
unvaporized. Such excess collects at cold spots within
the arc chamber and these tend to be the ends or corners
of the curved seam produced by the pinch. Such non-
uniform condensation of the excess metal halide in flat-
pinched arc tubes is often referred to as the fin-effect.

In U.S. Pat. No. 4,161,672—Cap and Lake, July 1979,
the advantages of small inlead seals which have a low
radiation-blocking or absorptive cross section are ex-
plained. They are particularly desirable in low wattage
or miniature arc lamps in order to achieve high efficacy.
One way of making a seal with a low absorptive cross

section is by heating to a viscous state the seal portion of

a preformed bulb, and vacuum-collapsing it onto the
foil portion of an electrode inlead extending through it.
Since in practice it is necessary to revolve the bulb as
the neck is being heated and collapsed, the equipment
required to seal arc tubes in this way is more elaborate
and expensive than that required for pinch-sealing.
The object of this invention is to provide an arc tube
configuration or design which achieves a low absorp-
tive cross section and avoids fin-effect and which can be
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flattened seal shape. By so doing, an internal configura-
tion is achieved which is substantially a surface of revo-
lution about the longitudinal axis and fin-effect 1s
avoided. Also by providing only a constricted throat or
passage through the neck much greater accuracy 1s
achieved in locating the electrodes within the bulb and |
in determining the electrode gap.

DESCRIPTION OF DRAWINGS

In the drawings:
- FIGS. 1 and 2 are front and side elevation views to an
enlarged scale of a mlnlature arc tube embodying the
invention.

FIG. 3 shows a length of quartz tubing seized in a
glass lathe for blowing into a mold. 1

FIG. 4 shows pictorially the arc tube Operatwely

- positioned in respect of pinch sealing jaws. -
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achieved through the use of pinching jaws. An ancillary -

object is to provide a convenient and economical
method of manufacture for arc tubes of such configura-
tion.

SUMMARY OF THE INVENTION

In accordance with my invention, the vitreous arc
tube is provided with constricted cylindrical neck por-
tions intermediate the bulb portion proper and the seal
portions pinched and collapsed about the electrode
in-leads. The cylindrical neck portions may be formed
as part or incident in the blowing of the bulb out of
quartz tubing, suitably through the use of an appropri-
ate mold cavity. When subsequently the seal portions
are heated and pressed by the pinching jaws to seal in
the electrode inleads, the necks along with the bulb are
maintained in substantially their original configuration
and merely shrunk slightly about the inleads extending
through them. Thus the arc tube passes from the
rounded end configuration of the bulb or arc chamber
through a cylindrical neck portion before taking the
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FIG. 5 shows the core parts of the jaws at the instant
of closure on the arc tube.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, an arc lamp 1 more
commonly known as an arc tube in the parlance of the
art, is shown in which the invention is embodied. In its
size and general configuration it is similar to the minia-
ture lamps disclosed in the previously mentioned Cap
and Lake patent. Briefly, the arc tube is made from a
piece of fused silica or quartz tubing having a hollow
bulbous mid-portion 2 which defines an arc chamber for
containing a high pressure metal vapor discharge. In
this particular instance, the arc chamber is slightly elon-

gated from spherical in the direction of the seals so that

it may be described as ellipsoidal and it has a volume of

less than one cubic centimeter. The arc chamber may,
however, by of various shapes and may be con51derably
larger than that illustrated. Joined to and extending in
diametrically opposite directions from the mid-portion
2 are two flattened seal portions 3 and 4 substantially
greater in breadth than in thickness. The seal portions
are joined to the bulbous mid-portion by short transi-
tional neck portions § and 6 of circular cross section.
The cross sectional area of quartz in the necks is not

‘much different from what it is in the flattened seals.

Electrode inlead assemblies 7, 8 extend through the
seal and neck portions 3, 5 and 4, 6, respectively, nto
bulb 2. The lamp illustrated in FIGS. 1 and 2 intended
for unidirectional current operation and it is shown in
the attitude in which it would normally be operated,
that is vertical with the cathode uppermost. The upper
electrode inlead assembly terminates in a cathode
formed by a tungsten wire or shank 9 having a coil of
tungsten wire 11 wound around its distal end. The
shank 9 is welded to a molybdenum foil portion 12
which extends thmugh the flattened portion 3 and has a
molybdenum lead wire 13 attached to its other end and

projecting externally. The cathode may include an elec-

tron emitter such as ThQ;.Y,03 coating the turns of the
helix 11 or filling the interstices between the turns and
the shank. For the anode, a tungsten shank 14 termi-
nated by a balled end 15 suffices; the shank 1s welded to
a molybdenum foil portion 16 extending through the
flattened portion 4 and having a molybdenum lead 17
attached to its other end and projecting externally.

" A typical miniature metal halide arc tube intended for °
a lamp of 35 watt size may utilize an ellipsoidal bulb as
illustrated having a discharge volume from 0.1 to 0.15

~cc. By way of example, the bulb may be 3 millimeter in
wall thickness, 7 mm in outer diameter, 6 mm internal
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diameter and 7 mm internal length disregarding irregu-
larities. A suitable filling for the envelope comprises

argon or other inert gas at a pressure of several tens of

torr to serve as a starting gas and a charge comprising
mercury and the metal halides Nal, Sclz and Thls. The
charge may be introduced into the arc chamber through
the side exhaust.tube 18 shown in FIGS. 4 and 5, which
is then tipped off as shown at 18" in FIGS. 1 and 2. To
make a complete lamp, the arc tube 1s usually mounted
within an outer protective envelope or jacket (not
shown), which is either evacuated or filled with an
inactive gas and provided with a base having contact
terminals to which the external leads 13, 17 are con-
nected. Alternatively, where the arc tube is intended as
part of a complete lighting unit, an electronic current
regulator is attached to the outer envelope and a screw
base suitable for the entire unit is provided. |

The invention achieves its objective of a low absorp-
tive cross section and avoidance of fin-effect by provid-
ing the transitional neck portions 35, 6 between the
rounded or conical ends of the bulb and the flattened
seal portions 3, 4. Preferably, these neck portions are
formed as part or incident in the blowing of the bulb out
of quartz tubing, and suitably through the use of an
appropriate mold cavity. As illustrated in FIG. 3, a
piece of quartz tubing 21 having a length somewhat
greater than the length of the finished arc tube i1s loaded
into a glass lathe and seized in headstock and tailstock
collets 22, 23. Each collet includes an aitr coupling de-
vice (not shown) to alloy the tubing to be pressurized at
the appropriate time. As the tube 1s rotating in the lathe,
intense gas flames are played about its midpoint until a
viscous condition 1s achieved. Then in rapid sequence,
rotation is stopped, the gas burners are withdrawn,
mold halves 24, 25 are advanced and closed about the
tubing as indicated by the arrows, and the tubing is

pressurized to expand it into the mold. The expansion of

the tubing causes a reduction in wall thickness in the
bulb portion 2, but the wall thickness 1s not reduced and
in fact may be increased at the neck portions 5, 6. The
throat or passage through the neck may be just barely
large enough to permit the electrode to be passed
through it. By so doing, the -extent to which the elec-
trode may be offset or may lean to one side or the other
prior to sealing is quite limited and much greater accu-
racy in locating and centralizing the electrodes within
the bulb is achieved. An exhaust tube 18 is next attached
to the bulb, suitably by laser-piercing a hole in the bulb
and then heat-softening the quartz about the hole and
joining the softened end of the tubing to it.

For the pinching operation, the bulb is supported by
the exhaust tube in a vertical attitude with the seal por-
tion 3 lowermost and in line with the pinching jaws 26,
27 as shown in FIG. 4. An electrode inlead assembly,
suitably assembly 7 which includes the cathode 9, is
inserted into the seal portion and held in place by a
holder (not illustrated) providing precisely the desired
penetration. The narrow throat through the neck as-
sures that the electrode 1s substantially on axis and cen-
tralized within the bulb. By way of example the diame-

ter of the throat through the neck may be 0.030” when

an electrode having a shank of 0.009"” is provided. An
inactive gas, suitably nitrogen is supplied to the exhaust
tube 18 by suitable means represented by the tubing 28.
The nitrogen flows into the bulb and through the seal
portion up to the moment of pinching to prevent oxida-
tion of the electrodes and leads. The seal portion 3 1s
heated by a pair of opposed burners (not shown) feeding
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4

mixed jets of hydrogen and oxygen whose flames en-
velop it.

At the conclusion of the heating cycle the seal por-
tion is white hot and plastic starting at the neck 5. At the
appropriate moment the burners are rapidly withdrawn
and simultaneously the pinching jaws 26, 27 are actu-
ated and brought together by movement of the levers
30, 31 to whose facing ends the jaws are attached.
Apoaratus for effecting coordinated simultaneous
movement of burners and jaws is known and 1s dis-
closed for instance in U.S. Pat. No. 2,857,712—Yoder.
The jaws conventionally comprise flat face portions
which compress and flatten the quartz about the inlead
foil to make the hermetic seal; flat face portion 32 of jaw
26 is seen in FIG. 4. But in addition one of the jaws, 26
in the illustration, includes a pair of prongs 33, 34 lo-
cated just above and on each side of the flat portion 32
and extending in the direction of the opposite jaw. The
prongs encompass and engage the neck portion 5 of the
arc tube during the mutual advance of the jaws. The
engagement of the neck by the prongs 33, 34 assures
accurate location of the bulb and of the seal portion
between the pinching jaws at the critical movement, a
necessary precedent to accuracy in interelectrode gap
length. As the jaws close together, the curved base
portion 35 of jaw 26, together with the immediately
adjacent portions of the prongs 33, 34 and the cooperat-
ing curved portion 36 on opposite jaw 27, form an ap-
proximately circular band or collar which encircles the
neck 5 at the moment of pinching. In FIG. §, the neck
is shown so encircled except for the prongs 33, 34
which have been omitted to make the illustration
clearer. The collar so formed maintains the general
configuration of the neck and at the same time squeezes
and shrinks it slightly to close the gap or clearance
where the electrode shank passes through the throat of
the neck. Thus the internal configuration in the end of
the arc chamber approximates a surface of revolution
around the longitudinal axis of the lamp. However the
hermetic seal proper is made at the foil 12 when the
jaws momentarily press the quartz against it on both
sides.

The arc tube may next be inverted in its holder as
shown in FIG. 5, and the pinch or press seal of the
anode inlead assembly at the other end made in the same
fashion. The manufacture of the arc tube i1s then com-
pleted in conventional fashion which involves exhaust
and flush of the sealed arc tube, insertion of mercury
and metal halides, introduction of inert starting gas such
as argon at appropriate pressure, and finally tipping off
the exhaust tube as shown in FIGS. 1 and 2.

What I claim as new and desire to secure by Letters
Patent of the United States 1s:

1. An arc lamp comprising:

a vitreous envelope having a bulbous mid-portion
defining an arc chamber and flattened seal portions
extending in diametrically opposite directions
therefrom,

a pair of electrodes located in the bulbous portion
each attached to an inlead extending through a seal
portion,

and substantially cylindrical solid neck portions in
said envelope providing transition zones between
the rounded ends of the bulbous portion and the
flattened seal portions, said transition zones assur-
ing an internal configuration 1n the ends of the arc
chamber which approximates a surface of revolu-

tion around the longitudinal axis of the lamp.
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2. A lamp as in claim 1 wherein each inlead includes
a foil portion to which a hermetic seal i1s made in the
flattened seal portlon

3. A lamp as in claim 1 wherein the throat or passage
through each neck 1s shrunk about the inlead extendlng
through it.

4. A lamp as in claim 1 wherein the throat or passage
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through each neck prior to sealing was not much

greater in size than required to pass the appropriate
electrode through it, and after sealing is shrunk about
the inlead extending through it.

5. A metal vapor arc lamp comprising: |

a vitreous envelope -having a bulbous mid- portlon
defining an arc chamber and flattened seal portions
extending 1n dlametrlcally opposite directions
therefrom,

a pair of electrodes located in the ends of said bulbous
portion each attached to an inlead extending
through a seal portion, the inlead including a foil
portion making a hermetic seal with the vitreous
material of the seal portion pressed about it,
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6
and a pair of substantially cylindrical solid neck por-
tions in said envelope providing transition zones
between the rounded ends of the bulbous portion
and the flattened seal portions, said transition zones
assuring an internal configuration in the ends of the
arc chamber which approximates a surface of revo-
lution about the longitudinal axis of the lamp
whereby to achieve a low absorptive cross section
and avoid fin-effect in said lamp.
6. A lamp as in claim 8 wherein the throat or passage
through each neck is shrunk about the inlead extendlng

through it.

7. A lamp as in claim 5 wherein the throat or passage
through each neck prior to sealing was not much
greater in Size than required to pass the appropriate .
electrode through it, and after sealing is squeezed about
the inlead extendmg through it. |

8. A lamp as in claim 5 wherein the arc chamber
contams an arc-supportmg charge comprising mercury
and metal halides in excess of the quantlty vaporlzed in

operation.
% Xk % ok %
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